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FOREWORD

This report describes a full scale magazine test conducted at the Naval Weapons Cente: in
September 1975. The test work was conducted for the Department of Defense Explosives Safety
Board (DDESB) using funds provided by that organization. The work was identificd by Army
Program Eiement Nurnber 6.57.02.A and Project and Task Area Number 4A765702M857.

Based on data derived from the test, DDESB has made significant gains in information relating
to hazards criteria.

This report has been reviewed for technical accuracy by DDESB staff members Mr. Russel G.
Perkins and Dr. Thomas A Zaker. Mr. Perkins and Dr. Zaker also played major roles in the design of
the test.

Captain Peter F. Klein, USN, Chairman of DDESB, provided technical, administrative, and
policy guidance during the preparation, execution, and reporting of the test.
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T'in an instrumented test in September 1975 at the Naval Weapons
Center, approximately 37,000 pounds {16 783 kilograms} of trinitrotoluene
(TNT) explosive contained in a hemisphere built of 8-pound (2.6-kilogram)
blocks were detonated by means of an initiatica system located at the
center of the base of the hemicphere. The rrincipal objective was to
demonstrate the resistance of a newly desgned headwall and door
combination to blast simulating that possible at the minimum front-to-rear
spacing now permitted for standard earth-covered magazines. The test
demonstrated this headwall and door design to be well balanced and
completely effective in preventing cummunication of explosion between
magazines in a front-to-reas exposure at a distance in feet of 2.0 X
whece W is the weight in pounds of the high explosive that detonates.

Additionally, the results confirmed the ability of the single-leaf,
sliding deor to maintain its structural integrity whether mounted on a new
structure or on an existing headwall. The results also demonstrated an
imbalance in strength between this door und the existing headwalls built
according to OCE standard drawing 33-15-64. The report contains data on
izloo damage and structural motion and air-blast measurements at the site.
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INTRODUCTION

At the request of the Department of Defense bxplosives Sufety Board (DDESB). the Nuval
Weapons Center (NWC) in September 1975 conducted at the Ruandsburg Wash Test Range a
large-scale explosives hazards test krown as ESKIMO V. (ESKIMO is an acronym for Explosive

Safety Knowledge IMprovement Operation.) This was the fourth i a series of fullscale tests of

earth-covered magazines sponsored by the DDESB. The main purpose of this test was to evaluate a
new headwall and door combination by exposing it to explosive blast loading simulating that from
detonation of the contents of another magazine filled with  mass-detonating explosives at the
minimum  front-to-rear spacing now permitted by standavds. This design had not been tested under
these conditions.

ESKIMO 1. the first test, was conducted in December 1971 1o determine a safe, practicable
minimum  separation distance for face-on exposures of U.S. Army standard steel-arch magazines.!
Explosion communication vecurred to an accepror igloo of this design at a distance in feet equal to
1.25 X W3 in which W ois the weight in pounds of the high explosive in storage. but failed to
oceur at a distance of 2.0 X W3 1o the rear of the donor. Further. the test revealed that safety
and economy might be increased through improved design for closer balance in strength hetween the
doors and headwall of the magazine. (A minimum scparation distance in feet equal o 1.25 X wi/3
in customary untts s equal to approximately 0.5 in metric units. in which the separation distance is
in meters and W is in kilograms.)

ESKIMO 11 was conducted in May 1973 10 appraise magazine door and headwall designs.® A
farge, single-leat’ sliding door withsteod the blast with minor distortion, wlthough the eccompanying
headwalls sustained severe duamiage. A Stradley-type headwall, on the other Band, incurred only minor
damage. In addition. the noncircular (oval) steel wrch tested with the Stradley headwall withstood the
blast without breakup or severe distortion.

ESKIMO T was conducted in June 1974 to turther extend the study ot explosive-storage
magazines, using information derived from ESKIMO T and I3 A turther test of the oval arch and
Stradley-type headwall, ESKIMO HI vsed structures remaining trom ESKIMO 11, rebuilt as necessary,
as well as new construction, gloo B the ovalarch magazine tested in ESKIMO 1L was titted with a
newly designed Stradley-type heasdwall with a single-leat, sliding door. ESKIMGO 1 had proven that
the Strodley-type headwall could withstand s face-on impulse of 1.750 psi-ms (12 066 kPaems) and
that the stee! ovalarceh igloo conid withstand the face-on impulses generated by that charge. ESKIMO

HI tested the ability of the new headwall to withstand the side-on blast imposed by the explosion of
M I y F

an adpeent magaznie.
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GENERAL DESCRIPTION

ESKIMO IV continued the study of explosive-storage magazines, using information from the
prior tests in the ESKIMO series. The door and headwall combination used on the oval-arch magazine
wus again tested in ESKIMO 1V but with face-on blast loading as compared with the side-on loading
experienced with ESKIMO M. The door that had f{allen off its supports in ESKIMO il was rehung
in position. ESKIMO IV provided the initial test of the combinaiion of a newly designed headwall
and single-piece, stiding door under face-on louding. ESKIMO 1V ulso included a rebuilt standard
headwall and doors (OCE standord drawing 33-15-64) as a control structure, and a single-piece, sliding
coor, remaining from ESKIMO 11, in combination with a rebuilt standard headwall.

This report discusses ESKIMQ 1V, its objectives. procedures, and results, and the conclusions
drawn from these results.

TEST OBJECTIVES

The primary objective wus to demonstrate the resistance of a newly designed headwall and
door combination to  blast simulating that possible at the minimum front-to-rear spacing now
permitted tor the semicircular and other standard earth-covered mugazines. Other objectives were

1. Test of single-leat, sliding door installed on u standard headwasll (Igloo E) at a level of blast
loading equal to that experienced by the newly designed headwall and door combination described
above.

2. Acquisition of data on response of standard headwall and standard double-leaf, hinged door
io biast loading trom o hemispherical charge of TNT. the blast characteristics of which are well

known.

TEST LAYOUT
TEST ARRAY

The ESKIMO IV test aray conststed of three magazine structures each facing the explosion
sotrce 147 deet (45 meters) distant as shown in Figure 1. The  onstruction of the various acceptor
igloos is described in Table 1. and steelarch construction is illusti. o5 v Figure 2 Doar consiruction
for cach iploe is aesciibed in Table 20 and door types are illustuates w08 e 3.

The primary target structure was the northeast magazine (Jgloo B), consisting of a single-lead,
siding door spannmg o 10-foot (3-meter) horizontal openmg and mounted one o moditication of the
Leadwall of o stamdind Stradley oapazine. The headwall and door combination was designed for the
FSEIMOQ series by Black & Veatch under the supervision ot the Oftice, Chiet of Engineers. The
carnbimation was built pror to ESKIMO T (o test of the noncocals acch under Tareral explosive

lowsdmgp) aond wae caly shphtly daniged e that test
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The front of the east mugazine (lgloo D) was rebuilt as before with the headwall and the
two leaf, hinged. steel-nlate door of the standard circular steel-arch magazine. Expesed to the same
level of loading as the primary. it seeved as a control structure to demonstrate directly the relative
strength of the prinary target.

The west magazine {Iglon E) wuas ulso rebuilt with the headwall of the standard circular
steel-grch magazine, but ritted with a single-leaf, sliding door remaining from ESKIMO 111 and only
slightly damaged in that test. This combination was fested nconclusively in ESKIMO 11, but the
response to overfoad in that test indicated a serious imbalance in strength between the door and the
headwall. In a related (tront-to-side) exposure in ESKIMO T, instrument records gave no direct
measure of impulse load. and the light damage observed suggested a possibie undertest in that case
dae to shielding by other structures.

The ESKIMO IV test utilized a nearly ideal explosion source to generate blast loading. It
atforded the opportunity for more extensive source diagnostics and dynamic response measurements
on the target structures than did previous tests of the ESKIMO series. As in ESKIMO I, token
explosive charges were not used s indicators of explosion communication; instead, more detailed
response measurements and damage obsewations were substituted for this purpose.

EXPLOSION SOURCE

The donor charge consisted of approximately 37000 pounds (16 783 kilograms) of TNT
explosive contained in a hemisphere built of 8-pound (3.6-kilogram) blocks that were detonated by
means of an initiation system located at the center of the base of the hemisphere. To ensure that
the proper number of TNT blocks were placed in the stack to provide a total closely approximating
37.000 pounds (16 783 kilograms), the individual biocks in six randomly selected boxes were
weighed. Euch box contained eight TNT blocks. Of the 48 blocks weighed. the lightest was 7.71
pounds (3.497 kilograms) and the heaviest was 8.53 pounds (3.809 Kilograms). The average TNT
weight per block was 8029 pounds (3.642 kilograms). All values represent net TNT weight, the
weight of the paper being deducted.

The explosive stacking plan called for 4,025 gectangular blocks of TNT. Four blocks at the
center of the base of the hemisphere were replaced with a booster of plastic explosive C-4. Thus,
total of 4,621 blocks of TNT were stacked i the shape of a solid, stable bemisphere in accordance
with the pattern provided by DDESB and as illustrated by Figures 4, 50 6, and 7. Demolition blocks
MO34  were furnished by the sponsor from US. Army  sources at Letterkenny  Army  Depot.
Thambersburg, Pu.

An explosive detonator and booster system was provided to ensure sate, relable initition at
the center ot the cluoge. The dopor stack was pramed  with O3 booster uubedded with touws
Primacord leads with percussion caps (Figure ¥)

Phe souree size was such as to duphcate the free-tiedd peak pressure and impulse observed at o
scaded distance of 2.0 /1613 10 the rear of the donor magazine i ESKEMO HIL which contained
AG-pount (340 Kilogram) bombs dilled with a0 total ol 350000 pounds (E58 757 kilograms) ot
Pritonal, The previously observed values of peak pressure and mipuise were mthe sanges of S0 1o 55
por 0334 e 379 Rilopascals) and S50 e 600 psics (3790 to 4137 KPaems), respectively itocan be
showne that these devels would be produced by w 37.000 pound (1o 783-Kidogram) TNT  hensphere
centered B teet (45 meters) away. 2 positon comendime with the center of the exploston sonee
ESKIMO T Ths comedence pernntred the ceonomical reuse of assets remaniing from FSKIMO- HI

Lo conbrol and compunison puiposes mosapport of dhe prnmay objective of the proposed test,




o SRR

LT TR TR S TR TN R SO T TR LT AR ST

INSTRUMENTATION

Blast

On cach target magazine headwall, pressure gauges were mounted flush with the surface at
ary signal processing and recording equipment  was

positions showi in Figures 9 and 10. Necess
provided.

Three air-pressure gauges were provided in the unobstructed sector of the igloo complex. Two
gauges were set atop the carth 6l of Igloe B (Figure 11).

Four carth-pressure gauges were installed in ene concrete thrust beam of Igloo B (Figure 11).
These consisted of load cells meusuring the force impinging on a circular steel plate l-inch thick and
% inches in diameter.

Eallistic Research Laboratories (BRL) self-recording gauges for pressure measurement in three
divections in the far field. as shown in Figure 12, were installed.

Table 3 shows blast gauge instrumentation with anticipated overpressures.

Structure Response

Lincar  displacenient transducers and  single-axis  aceelerometers for measurement of dynamic
structuare response time histories were mstalled at locations o the target headwalls shown in Figures
I3 and T4 Tuable 3 dists the accelerometer Jocations and the anticipated accelerations.

Prior to the tests sivey monuments and benchmarks were used 1o define reference plunes und

to obtan inttal headwall and tloor positions tor pemanent detormation meusirements afterward.

Phatography

Motton pretire coverape ol the tireball was provided as deseribed o Table 5 ro detect

ancnadies should any oceur e the diections of the Slast eope lines,

Fiming,

Fong  woee prosaded on revords ol neas el pressune paupes. et presaine vanges
aceelerometens. hnew-mobon roerducens and s st panpes so it e evenes econded waore

correlatalvle

7ero Tine Indicator

Zeio e or e of detomation ot the evplosive hemsphicre wes deternnned By twn

ronzation probes that were pliced e the donor stach 1o concinie 0 s time pulse

LR Lok
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TEST RESULTS

GENERAL

The data recorded by the BRL gauges are summarized in Table 6 and are plotted in Figures
1S through 20.

A summary of electronie-blast and atr-pressure gauge data is given in Table 7. Data plots for
the blast gauges are shown in Figures 21 through 24

Table & lists acceiecrometer data recorded on the headwall in Igloo B only. The data are
plotted in Figures 25 and 26.

Earth-pressure gauge data are given in Table 9 and are plotted in Figure 27.

Linear-modon data recorded ulong various parts of the igloos are listed in Table 10 and
displayed in Yigures 28 through 30.

The overpressures Trom records of blast gauges placed at ground level that are presented in
Figuves 15 through 24 wie compared with a standard curve for hemispherical stacks of TNT in Figure
31 The generally close agrcement of overpressure values from this test with standard values shows
that complete or near-coamlete detonation of the explosive stack was achieved. The comparison of all
gauges at comparable positions and distances from the center of the explosive source shows blast
svimmetry.

Figure 32 ds an aerial view showing postaest conditions inchuding the crater east of the

explosive stack and darkening of the ground surtace near the site of the explosion No explanatton is

offered for the nonsymmetrieal distribution ot the darkened area. Figure 32 also shows several ponds

ol water. the most notable heme diectly cast of the crater.

OBSERVED STRUCTURAL RESPONSE

Igioo B (Northeast)

The headwall icvned mmor damape and expencneed some permanent povement. most ol
AR which was wround and sbove the door openmy Coacking and spalling ol conaete was minor and
represented nothieal to wsual nupazine storape The door was permanenth detormed by the blasi

but semaned standing at the doer apeeny The detornition wos preatest vem the bottom where 1he
. Pow ot the venter approsiated T3 mches £330 mithmeters) as owisosed o a staoght hine
vomiecting door edpes and o w0 position nadway between the honzontadly spamnng mtenoy wide
RERGR lanpe stiuctnal members Frpnres 35 throuph 39 e posttest views of Ipton B T ipage 30 mdicates
: Beashed D movenient and Frore 1 shows post rest stanic piessuenents o the door of dploa B
e, N lgleo 1) (Fast)

Pl oo was s s o control structee Headwadis and doore of s pe buae been ased

A ESKIMO fevs andd prosde e medns of companson bron test to test Fhe doors ot Teloo D

e ivasar e g er et e e e or e+ e + e e s i e v s b0 e v e e NN . © smemmres s e R e e e
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tailed in a fashion previously experienced with this design by moving through the doorway opening
and into the magasme interior. The door hinges on the right and lett sides were sheared off,
Concrete crackimy and spalling and permanent headwall deformation were greater than that ot
Ieloo B but considerably less than that ot Igloo L.
Fioures 42 through 44 show post-test damage. and Figure 45 depicts headwail rovement in

lgloo D.

Igloo E (West)

As in prior tests combining the single-leat. horizontally spanning. sliding door with the standard
reinforced concrete headwall (per OCE standard drawing 33-15-6+1), results showed an imbalance in
strength between the door and the wall. The door retained its basic integrity despite deformation.
but the headwall sutfered substantial damage. In otfect, the door intercepted the blast load and
tyansmitted it to the headwall. The early failure of doors on the east igloo (Igloo D) resulted in
relatively less door load being transmitted to the headwalls of this structure.

Dumage to fgloo b ois shown in Figures 4o through 50. Figure 51 shows headwall movement
i Igloo k.

CONCLUSIONS

The blast produced by thie donor stack of explosves was essentially as peedicted and properly
stnulated  condttions at g sealed distance ot 200 0T o the rear of the donor magasnie
FSKIMO HHL which contmed 7SO-peund (340 -Kloyram bombs filled £ototal ol 350000 pourds
(s 787 Kidograms) ot Totonal

Stnetural respote o the headwalb and door combianon sed one the northeast loa (yloo
By owas well within aceeptable hons, cind this combunation s considered wdequate too protect all
mieazine stores aenst propagsiion ot eaploston under the condimons wmubated and PIast etfects
produced e the test The aesponse of the et contied eleo Chpfoo DY owas eseniadby s expected
with door tnhoe ceatine o tuzand oo more sonatne fypes ol exploane stoves that could prove
arntoseptable  Frapment cedocnies based o postions chatacrer hinedn motion netiasentation, and
cotparyon with pron teste o were pndped aceeptable

Phe aesporse of the west mayasme Celoo By shiowed simtroant danave 1o the emtoreed
conciete headwall et narked onbalance e strenptle Between the one prece Bonsontally spanmiye
door and the concrete honhawall Nocdnect attempt was oade Booeasure convrete apment velociies
Hoased o wall sedoates recondedd by hveay motron traneadicers and the posien and character ot
fravments tound neade the navacine at e conerdered that Bapment velooiies prodaced only o

el hazand toosensrr sy pe s s ateriads ared o sapnreant Bcard Loomain popes ot stores
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PEGURE 2 Cross Sections ot Steel-Arch Construction tor Bgdoos of FSKIMO
IV (1 1ot 0308 meter.)

TABLE 2 Door Constiuction.

Door herght and width in each case was 10 feer {305
metars)
Igtoo Dnor type Door drawing
8 Single feaf, sliaing Black & Veatch unnumbered

dwg., 25 Oct 1472

0] Double ieaf, hinged | OCE std. dwg 33 15-64

E Single teat, shicing Black & Veatch unnumbered
dwg., 25 Oct 1972
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FIGURE 4. View of Test Site Showing Explosive Charge and Iploos B (Left) and D.

FIGURD 5 Close o) View of Explosve Charpe With Teloo Boan B Kpronind
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FIGURDE 6. Horizontal Section of One Quadrant of I'NT Donor Stack.

|
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PLAN, LAYERS 24-26 104 BLOCKS

—

FIGURE 7. Horizontal Section of One Quadrant of Upper Portion of TNT
Donor Stack.
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TABLE 3. Schedule of Gauges for Measurement of Air Blast,

Piezoalectric or Strain-Gauge Type

Distance
from center of Estimated peak Calibrate
Gauge position explosive donor averpressure to overpressure
1 m psi kPa psi kPa
Mounted on igloo headwalls 147 45 215 11482 400 | 2758
Ground level, northwest of donor 134 41 65 448 120 827
147 45 82 359 100 689
167 51 41 283 80 552
‘n earth fill over Iglco B .. ... ... . 187 57 32 221 60 414
BRL Self.-Recording Gauges
Radial distance Number of gauges Estimated maximum Capsule
from donor w2 peak overpressure rating
tr m NW leg | W leg S leg psi kFa psi | kPa
250 | 76 75 2 2 e 17.0 117 25 1172
334 102 10.0 2 2 2 100 69 15 | 103
440 134 13.6 2 2 2 55 38 15 ] 103
600 183 18.0 2 2 2 36 25 5 34
835 255 25.0 2 2 2 23 16 5 34
1,100 336 33.0 2 2 2 1.5 10 5 34
1.500 457 45.0 2 2 2 1.0 7 1 Y

“ 250-ft (76-m) position is on southwes: leq 1n heu of suuth.
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TABLE 4. Schedule of Accelerometers.

Estimated
. . Accelerometer
Position max. acceleration, .
rating, g
g
Door ... ... ... ... 630 1,000
Headwall, away from door .. 150 300
Headwall, near doar ... ... 200 300
TABLE 5. Camera Schedules.
Field ot
Approximate view Frames
Pusition cistance Camern Coverage width per
identification second
ft m
ft m
Southorwest . ... .. .... 1,600 457 35 mm General site area, 400 122 120
donor and iglcos
South .. . ... .. ...... 1,500 | 457 16 mm General site area, 400 122 1,000
donor and iglons
South . .... ... . 1,500 | 457 16 mm Donor and lgloos 160 49 | 4,000
B and D
West (in insttumentation
barricade) ... 950 290 16 mm | Center on igloos 400 122 § 4,000
On hill wastsouthwest
of ground zero PR 1,500 | 4b7 16 mim View ot donor 400 1272 400
and lgloos
8 and O i
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TABLE 6. Summary of BRL Gauge Data.

. Maximum
Position Distance overpressure fmpulse Duration,
identification it m o . psi-ms | KPasms ms
INW 250 | 76 | 18.0521 | 124.46 | 332.78 | 2204.44 78.15
INW 250 76 | 15.2425 | 105.09 | 238.09 | 1641.57 57 87
INW 334 | 102 | 9.4982 | 6549 78.08 | 538.34 22.45
INW 447 | 134 | B.0820 ! 55.72 | 223.76 | 1542.77 | 105.56
ANW 600 | 183 3.7224 2567 | 141.00 | 972.16 | 101.08
5NV B35 | 265 24129 16.64 | 12343 | 851.02 | 132.19
BNW 1,100 | 335 1.6272 11.22 1 9199 | 63425 | 137.2%
INW 1,500 | 457 1.1300 7.79 @ . oM
w 250 76 | 1/6296 | 12155 | 31539 | 2174.56 565.92
W 250 76 116.7888 | 11555 | 268.15 | 1848.83 49.31
W 334 1 102 | 101020 | 6965 | 25419 | 1752.58 99.75
AN 440 | 134 | 6.4869 | 4473 | 14597 | 1006.43 67.34
aw 600 | 183 3 8944 26.85 | 156.81 | 108117 | 116.59
H5W 835 | 255 22409 15.45 | 109.87 75546 | 117.64
W TGO | 339 T 1614 1214 | 6918 | 476.98 99.03
W 1,600 | 457 14289 1261 by o o
15 250 6 1187075 | 128.98 . .
15 250 /6 1181589 112620 | 43329 | 2987.43 7413
s 334 1102 [11.6340 | 8021 | 238.19 164.23 70.19
15 440 | 134 58732 | 40.44 | 18791 | 129559 855/
as 600 | 183 35735 2464 | 14704 | 1013.81 98.08
5HS 83n | o4 23121 ( 16,04 | 11512 794,72 | 1186
HS 1100 | 33% 1.5397 10.61 9132 | 62963 1 13152
S5 1Ho | Ay 1 5208 L 1049 | 10504 J2588 | 145 4y

“ Unrehable daty, see bagure 16

b Uniehiabile data, see Biguoe 18
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TABLE 7. Summary of Electronic-Blast and Air-Pressure Gauge Data.

Y Distance Muximum | i
y PO.Sf'.“O” e averpressura Impulse Duration,
identification :
ft B ge ms
m psi KPa Fsi-ms kPaims
P-1-B 147 | 45 | 202.4522 | 1395.86 | 1082.14 | 7461.09| 22.94
P-2-8 147 | 45 | 215.1632 | 148349 | 1167561 | 7980.75{ 13.33
P-3-B 147 | 45| 2355903 | 1624.33 | 1085.18 | 7275.200 12.10
P48 147 | 45 I e — .
P-5-8 147 | 45 | 176.9481 1220.01 97866 | 6747.62| 1795
P-6-8 147 ) 45 | 290.5473 | 2003.25 | 119165 | 8216.13] 14.32
P-7-8 147 | 45 | 241.3210 | 1663.84 94848 | 6539.53 | 12.41
P-8-8 147 | 45 | 208.6601 1438 66 99272 | 684456 ! 13.44
P.1.0 147 | 45 | 213.6456 | 1472.07 | 1075.20 | 7413.24 | 17.78
P-2-C 147 | 45 | 2295419 | 1582.63 | 1056.28 | 7282,78| 16.12
P-2-D 147 | 45 | 276.4415 | 1905.99 858.567 | 5919.56 8610
P-2-E 147 | 45 | 273.56294 1885.91 144420 | 9962.23 | 15.48
P.3-E 147 | 45 | 241.9643 | 1668.28 | 104512 | 7205.91 15.56
P-134 134 | 41 87.9491 606.38 61643 | 428C.13 | 4294
P-147 147 | 45 64.1722 447 .45 47507 | 327549 | 25.90
P-167 167 | b1 43.2850 298 .43 43241 | 2981.36 | 34.22
F-RS-B 187 | &7 33.4 230.28 416.0 2868.22 | 378
F-TC-B 187 1 37.2 256.48 410.3 2828.32 | 34.7
NOTE: P-1-B thy . ;1 P-8-B: on wall of Iglao B.

P-1-D through P-3-D: or wall of !gluc D.
P-2-€ and P-3-E: on wall of lgivo E.
P-134, P-147, and P-167: at ground level at 134, 147, and 167 feet,
respectively, northwest of donor certer.
F-RS5-B and F-TC-B: air-pressure gauges in earth fiil in Igloo B.
4 Poor record.
b Based on incomplete trace. Extrapolation to zero overpressure would result

in higher valuss,
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TABLE 8. Summary of Accelerometer Data, Igloo B.

Time of Time of Maximum
Position maximum Maximum maximum veloci
identification acceleration, acceleration,g | velccity,
ft/sec | m/s
ms? med

A-01-B¢ ..
A-02-B 2.5 395 85 236 1.2
A-03-B 3.1 151 8.0 i8.2 55
A-04-8 1.7 213 5.5 151 46
A-05-B 04 241 5.3 159 48
AGS-B 3.3 208 10.3 23.0 7.0
A-07-B 25 238 96 218 6.6
A-08-R 28 140 10.0 201 6.1
A-09-B 0.6 214 10.0 16.6 B4
A-10-B 1.9 224 10.3 13.3 4.1
A-11-B 0.3 197 28 7.0 21
A-12-B 15 142 4.1 9.1 28

9 Elapsed time from first indication of accelerometer motion to

event described.

b Velacity was derived from an algebraic surnmation of positive and
negative accelerations multiplied by the time values 10 the indicated time
of maximum velocity in ms,

€ Record showed many oscillations including three plus peaks and
two minus vatleys of mare than 800 g and with durations from 0810 2.0
ms in the first 10 ms. Record not plotted in Figure 26
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TABLE 9. Sumrnary of Earth-Pressure Gauge Data.
Distance from center of donor in each case was 187
feet (57 meters).
Maximum
Position rmu Impulse Duration,
identificati overprassure
identification . peime | KPaums ms
psi kPa
F1-8 086 | 593 | ..7° 4
¥-2-8 18 | 1.24 a . -
F-3-8 .36 2.48 1.83 10.6 9.21
F-4-8 0.1 1.45 0.72 49
4 See Figure 27
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: s 1 TABLE 10. Summary of L.inear Motion
] ’ Gauge Data.
‘ Maximum Maximum
Position Tirae, distance velocity
identification m¢® -

in. mm ft/sec m/s
VRS L-1-8 2165 | 3.01 765 { 175 5.3
SARRIRI L-2-8 18.23 | 3.22 818 | 183 5.6
i { L3-8 18.22 | 2.81 714 | 17.8 5.4
L-a8”
SRR | L-5-8 28.78 | 3.64 925 | 199 6.1
ST | L6B 1872 | 313 | 8oo | 178 | 54
. N L7-8 17.38 | 329 836 | 240 7.3
B L-8-B 25661 | 409 [ 1038 | 248 "6
: L9B 13.48 | 1.8% 47.0 | 16.2 4.9
L-1-D 1272 1 483 | 1227 | 363 1.1
: 1-2-0 13.24 | 468 [ 1189 | 373 11.4
' 130 8.6Li § 2.83 19 390 119
. P 1E 1067 | a83 1007 | 523 1.9
’ R 12K 1583 | 464 [ 1179 | a0a | 103
. 13t 1336 | ¢68 1189} 368 | 1.2

R NOTE € 1B theough L98 on headwal! ot igloo B
t

10 thiough L-3-D o heagwall ot dgloo 1D
4 . Lt E through |3 F G bieadwall of lgloo B
W
3 Tune  fiom amtial movement o mupamutm
displacement
. A b
g Navecord nbtaied
v C Vaines ae besod on atial pube Becord iy not
. typrrcal atter 8.6 o
e
T
o
A >
s ,:‘ ’
o
N L
)
s
R
- T MY

LN R

PR TR TP RE" S it dielana

St s e



MEYC T

[t
5.00 B . -
[ !
A W}’ﬂu [
0 a0 I R Oy | -t .I« Wi
Vv LU Rl ’ '
0 1 o Y » \V"A”i ‘_ B ‘M-.;_,_:\,w w‘l ! o ]
|
.80 i ) ) )
g 1. 200 00 400.
LB
Y.00 _ -
l
4 L
e |
.00 \"'*r,m ! '
ARt ! .
1.00 / th AUy " - rerdivhg
; 'M““*w’nw,nm;un'-("'A"V"'MJ-Wd,,\WW ’ |
z 0o ¥ R e B B ot ]
S 100 ) ) B e
; 0 0o, 06 300. 400.
wd
] 1@
:(, s ‘)n b ]
Y
5 o Al!.AQ \
~ 1
(] |
L A TN
| P |
v Sl BRI Jk
| | ( |
0 g, C00. 400. 400.
Woun I
I
gh
30 PR : ;
3 » m‘“\ ! 1
“ | | | |
f
L1 it i
o }\,‘1!”‘»4’- !
) A l ]
| |
(

Il i i )
8] Fo cun 00 S0

TIME, HS

FIGURE PR Daa Plooston Binco Movon Gaages LR Through 15 B Located on Headwall of Igloo B Sogecond was
ablioned tor gauge L-4-B (L he mietnie syumvadents for tiese plotied data sic givenan Table 10

[ e O . . Sein 0 s b s - " . § o o e NP




r ¥ o R

T AR I e e T S N
5 > T e AT T s e

NWC TP 5373

&40 n“-' L . ! . .
1R,
[RIEY) I \&. Pty R - . J - . e .
ﬁf!;\"‘\..:fiv,‘” .
080 f. . B e L B L R

S GGV SO S S ——

¢ 100. N 200, 40,

100 v ! . . e

IN.

0 . : O U SO

-1.00 L . L . . . S e
0 100 00, ing. 400.

DISPLACEMENT
=)

VU0 SO U

.___.___.4..
i
|
i
}
'

(VR3]

10 Ut . Yt
1k, 1

FIGUKE 29, Dara Plots tor Linen Motion Gauges F-6-B Throogh 1L-9-B Located on Headwall of Tgloo B (The metric
equivalent 1 these plotted da are grvenin Eable 10))

SN . i, :




o TR TRy T hiag i J habia ) W T
MW TR /3
Lo
.00 ) ) |
£5.00 .
SR
N
¢
e e s I i -
2.00 |
100, 00, ’ mn. e,
I on
9.00
1
6.00 [
.o ,f\\v
.00 .
a LN S O U
2008 . L N . i . s . . L
a 100, 200. 0. RULN
Le3u
O e e —— e - s
I ! [
|
8.0 - .
o | |
‘ o
< P
Iy 0 .L/,L,' e [ e
z
L - 4.0l R .
% “ 100 00 300 400
(8] 11k
f 8.00 B ~ . .
- I [
o
@ .40 . i .
I “
“. 00
v[\"\/\ N e B ;
.00 / / - 1 | 1
\ i i
o Vo - . Y A l- S
| ! !
-2, i )
100 g 30, wig,
Lo
8.00 B
i 1
! I
(.00 | )
| [
wool A _ f
<00 - \ - J |
i b | 5
ARG A P A E : ERPRL TR - . - _—
- ) | |
L0 ) 308 400,
LA
(AR}
[ T I
ool | t
[T A - .
0w / “""‘\,,»“'“"' e e fm o N ey R .
2o / ) ‘ \ i
o U i \
|
e \‘ !
u 100 200 G O,

TEME, M
PIGURY 20 Dars Plows vor Visear Monton Gauges Locaed s Headwalls o pdees B amd Lo he meine euvalents tos
these proteed data are gaven in Tuble 100

" e i ORI il Sl

e Femah ; e e b

A L o MWeife o - d N A,




e R i o

NWC TP HB73
100 —
80 p—
6Q -
40 @ NCRTHWEST LEG ELECTRONIC GAUGES
® NORTHWEST LEG BRL GAUGES
[NWEST LEG BRL GAUGES
[JS0OUTH LEG BRL GAUGES
20 -
0
a
W
A9
2
7]
71
Ll
x 10 |-
o
AN
w
> 8 -
Q
s |-
4
2 b
®
1 ~\/\ | ! e - e e SR SO S|
0 2 4 [ 8 10 20 49 60 80 100
. X1
A FT/LB
FHGURE 310 Plor of Gverpressure Versus Soalod Distance (X)), ( ompating ESKIMO TV Blast Data With Standasd TN
Bia<t Dt tor Hempphegical Chatee (e metsic vevalents fur data sealed in ths plot are piven in Taldes 6 and 7.y
fa|
i il




FIGURE 32, Post-Test Aerial Viev Showing Crater and Discoloration of Serrounding Surface. Igloo I i3 at top center,
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FIGURFE. 34, Post-Toest View ot {iloo B Showing Damayge to Door, (Neg. LHL 189068)
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FIGURE 38, Post<Test View of Doorway of tzloo B at Junction With Floor (Neg, LHL 189247)
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FIGURE 40. Movement of Headwall of Igloo B. Al lrovement s given in hundredths of a toot and s away from the

blast. (1/100 oot = 3.05 millimeters.)
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FIGURE 41, Post-Test statie Measurements Made on Door of Iglow B, Valees shown are in fect measured
from a fixed verical reference plane approximately 3 feet (.9 meter) from fyce of feloo B headwall. ()
toar 0,305 meter.)
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FIGURE 42, Close-up View of Tpoo D Showing Collapsed Doors Pool of water ia front
of doorway is the result ot radntadl the day betore the test. (Neg. LHL 189076)
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FIGHRY 43 Views Showing Cracks Above Door Inside Tyloo Do (Neg, LHE 109271)
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FIGURE 35 Movement o Headwall in Igloo DO AlL movement s given i hundiedths of o foot, Negative values

indicate movement toward blast; all others indicat  movement away from blast. (1/100 toot = 305 millimeters.)
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FIGURG 48, Close-up ob edoo bostionvae Daimaee to Door and Headwall, (Neg, LHL
189060)
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NWC TP 6873
s . .
FIGURE 500 View taside Tploo FShowing Damaece to Lett Side ot
Headwall, Door has beeo removed. (Neg. § HE 189275)
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